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Table 1-1  Composition and properties of major dental casting gold alloys  









YAMAMOTO 1 83 ― ― 10 7 ― 175 34 
ISHIFUKU 2 80 2 ― 12 5.9 0.1 185-200 36 
HERAEUS 3 74.5  ― 3.5 9.5 11.5 1 280-450 21-31 
YAMAMOTO 4 71 2 3 8 15 1 350-660 7.5-9.5 
 
Table 1-2 Composition and properties of major dental casting carat gold  
alloys 
Maker Carat Composition（Mass％） 
    Au Pd Ag Cu Other 
Proof strength  
(MPa） 
Elongation   
(％） 
ISHIFUKU 20 83.5  ― 6 9 1.5 360-370 30-32 
YAMAMOTO 18 75 2 7 15 1 330-515 12-40 
YAMAMOTO 16 66.7 3 12 16.8 1.5 360-805 5-37 
ISHIFUKU 14 58.33 5 17.2 18 1.47. 400-780 5-30 
 
1-1-2. ????????????? 
 ???????????????????? 2?????????? JIS T 6118??
????????????????????????? 1 ??? 50mass??????

















Table 1-3  Composition and properties of major metal?ceramic dental  
restorative systems?precious metals (JIS T 6118) 
Composition（Mass％） 
Maker Type 
Au Pt Pd Ag Other 
Coefficient of thermal 
expansion (×10-6K-1）
（323-773K） 
Hardness   
(HV） 
YAMAMOTO 1 75 6.7 12.3 1.8 4.2 14.2 235 
YAMAMOTO 2 35 － 37.0 19.8 8.2 14.5 265 
ISHIFUKU 1 72 13.0 9.7 2.8 2.5  13.4 210 
HERAEUS 2 39 1.0 35.0 19.0 6.0  14.3 235 
 
1-1-3. ????????? 
 ??????????????????? JIS T 6106??????????????








Table 1-4  Composition and properties of major dental casting gold?silver 
?palladium alloys (JIS T 6106) 
Maker Composition（Mass％） 
  Au Pd Ag Cu Other 
Tensile strength 
(MPa） 
Hardness   
(HV） 
YAMAMOTO 12 20 50 16.5 1.5 490-770 155-270 
YAMAMOTO 12 20 56 10.5 1.5 530-815 150-260 
GC 12 20 46 20 2 500-804 146-280 




? 2 ??????????? 1 ???? 60mass????????????? 5???
?????????????????? 2 ???? 60mass????????????
? 5????????? 10????????????????Ag-Sn-Zn ??
Ag-In-Zn-(Pd?????????????????????????????????









Table 1-5 Composition and properties of major dental casting silver alloys  




 Ag Pd In Sn Zn Other 
Tensile strength  
(MPa） 
Hardness   
(HV） 
YAMAMOTO 1 65  － － 20  15  － － 170-180 
YAMAMOTO 2 70 0.7 20.5 － 6.2 2.6 390-420 160-170 
SHOFU 1 65 － － 21 14 － － 147 

























?Tetragonal??? AuCu????????? 658K ?????????Long period 
ordered structure??? AuCu???????????? AuCu???683K ????
?????????Face centered cubic??? fcc??????? 16)?Fig. 1-2????
????? 20,21) ?????fcc ?????????????????????????
??AuCu????????????002???????????????????AuCu
???AuCu??????? 1?????????? 0, 1/2, 1/2??????????
???????? AuCu?? 10?????????? AuCu????????????
?????????????????????????? 22,23)? 
 
     





(a) Disordered lattice (fcc) 20).        (b) Ordered lattice (AuCu?) 20) .   
 
 
(c) Ordered lattice (AuCu?) 21). 
 
Fig. 1-2 Schematic illustration of lattice of fcc, AuCu?and AuCu?. 
 
Table 1-6??????????Table 1-7???????????? 24)??????
?????????????????????????????????????? 














Table 1-7 Lattice constants of Au and Cu24) . 




Table 1-8 Lattice constants of fcc, AuCu?20)and AuCu?25) . 
Crystal phase Axis Lattice constant（Å） 
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??????????????? 30KV??? 100mA??????? 0.006? ????




???????? 1, 2, 5, 10, 20, 40 K/min? 823K????????????????
????  
(3) ????????????????????TMA8310?????????? 1, 2, 5,10, 
20, 40 K/min? 873K?????????????????????????????
?? 1%???????????????????? 







2-3-1. ????? X????????????????? 










             
Fig. 2-2 Variation of XRD pattern with various grinding depth. 
    ( rod : 4.2×4.2×20mm ). 
 
           
Fig. 2-3 Relation between the XRD intensity ratio?I200?I111? 
     and the grinding depth for the rod sample. 
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???????? fcc ?? AuCu???????????????????????




???????? fcc?????????? AuCu?????????????? 
 
         
Fig. 2-4 XRD pattern of the powder sample solutionized  
at 823K for 1h , with Si powder (as reference). 
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Fig. 2-5 XRD pattern of the powder sample aged  
at 623K for 2h, with Si powder (as reference).  
 
???????? XRD ????????????????????????Table 
2-1????????? 
 
Table 2-1 Lattice constants of AuCu alloy powder 
Heat treatment Crystal phase Lattice constant（Å） 
Solutionizing fcc a＝3.875 
Aging AuCuⅠ a＝3.959  c＝3.679           
 
???fcc?AuCu???????????????????????????? 2-1
????????????????ac? fcc ?????? a ???at?? ct??AuCu
?????????? a ??c ??????at2?ct?1/3??AuCu??????????
?????????? 
 




{?at2?ct?1/3/ ac ?1}?100 ?{?3.9592?3.679)1/3/3.875?1}?100??0.3? 
 
2-3-2. ?????????? 
Fig. 2-6? 1, 5, 40K/min?Fig. 2-7? 1, 2, 5, 10, 20, 40K/min??????? DSC
???????????????????????????????????????








?????????????????? 10, 100mg???????????? 
???????????????????????????1 ???????AuCu
??AuCu????? 5,7,8) ?????????????2 ???????AuCu??fcc
????????????1?????????10K/min?????????????
??????????AuCu?? AuCu????????????? 8)????????
?????? 9) ???????????????? 
??????????????? 5,10) ???? 1???? fcc?AuCu???????
???????????fcc?AuCu??????????? fcc?AuCu???????





        
Fig. 2-6 Variation of DSC curves with various measurement conditions.  
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Fig.2-7 Variation of DSC curves with various rates : 40, 20, 10, 5, 2  












???????1 ???????? 1 ??????????????????????
????????????????????????????????????????









        
Fig. 2-8 Characteristic temperatures in the DSC curve  
of the rod sample at the heat-cooling rate:1K/min. 
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onset      
1st 
Tc1   
1st 
peak  
1st end、      
2nd onset  
2nd  




end Onset Tc    Peak  End   
1 664 667 675 686 691 694 702 661 654 648 637 
2 663 667 678 686 691 694 701 656 649 645 625 
5 663 669 680 685 691 693 703 657 643 639 613 
10 650 668 682 684 691 693 706 651 637 632 603 
20 ―  ―  ―  ―  687 693 705 649 634 624 595 
40 ―  ―  ―  ―  682 693 708 644 624 616 580 
 









Tc（K）   
Cooling 
Feutelais8) 200-300mｇ 0.2, 0.5 670.5±1 695.1±0.5 ―  
Bonneaux10? φ5, 40-50μm 5 ―  694.7 639 
This study 10mg 1 667 691 654 
 10mg 2 667 691 649 
 10mg 5 669 691 643 
 10mg 10 668 691 637 






2-3-3. ??????? X??? 







         
Fig. 2-9 Comparison of thermal expansion curves of the rod  






       
Fig. 2-10 Changes in thermal expansion curve of the rod 
   sample with various heat-cooling rates. 
 
Fig. 2-11? 1K/min????????????Fig. 2-12?????????????
???????????????????????????????????????
????????????????Table 2-4???????????????????











        
Fig. 2-11 Temperatures of break points in the thermal expansion 
curve of the rod sample with the heat-cooling rate:1K/min.  
 
 28 
        
Fig. 2-12 Temperatures of inflection points in Δl /ΔT curve of the rod 
sample with the heat-cooling rate:1K/min.  
 
Table 2-4 Transition temperatures (Tc) obtained from thermal expansion 
curves and various DSC curves 











1K/min 710 657 691 654 
2K/min 712 652 691 649 
5K/min 714 639 691 643 
10K/min 729 633 691 637 
20K/min 748 620 687 634 
40K/min 779 600 682 624 
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Fig. 2-13????????? XRD??????????? A200C??fcc??200?
????????????A200T?A002T??AuCu???200???002????????
?????????? fcc??????1K/min??????????????AuCu?







        
Fig. 2-13 XRD patterns of the rod sample after thermal expansion  
measurement with various heat- cooling rates. The C?T+C denotes  
the ratio of A200C to (A200T+A002T+A200C). 
 
Fig. 2-14??????????????????DSC??????????????
??????????????? 600 K ? 3???????????????? fcc?
??????? 3 ??????????????????????1K/min ?????
 30 
???400K?455K ?548K??????????????????? 1??????




          
Fig. 2-14 Change in the break points of the thermal 
expansion curve with heating rate. 
 







Table 2-5 Crystal phase and hardness of the as-cast sample and the rod  
samples after thermal expansion measurement with various heat- cooling  
rates 
Heat- cooling rate Crystal phase 
Vickers hardness
（HV） 
As‑cast  fcc (100%) 213 
1K/min AuCuⅠ(100%) 312 
5K/min ―  320 
10K/min fcc (20%)＋AuCuⅠ 317 
20K/min fcc (30%)＋AuCuⅠ 323 
20K/min ―  320 
 
2-3-5.  ??????? 
 Fig. 2-15????????????????Fig. 2-16?????????????










          
Fig. 2-15 Micro structure of near the surface in the casted rod. 
 
          




          
Fig. 2-17 Micro structure of the rod sample after  
1 cycle thermal expansion measurement. 
 
          
Fig. 2-18 Micro structure of the rod sample after  















???????????????????? 3?????????B?B? ?B? ???
???????CD???AuCu?????????Bonneaux? 17)???3mm???
??? In-situ??????????? 1K/min????????623K? AuCu???

















   
Fig. 2-19 Comparison of break points in thermal expansion 
curve, Δ l /ΔT and DSC curves on heating (1K/min). 
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Fig. 2-20 Comparison of break points in thermal expansion 
curve, Δ l /ΔT and DSC curves on cooling (1K/min). 
 
2-4-2. ?????? 3????? 
????? AuCu ?????????????????????? 2 ????? 18)
???????? 3????? 19) ?????????3??????????????




??????E??Kissinger? 25) ?????? 2-2???????? 
 




????Fig. 2-21?? 1?? 2?? 3???????? ln (Φ /T 2) ? 1/T???????
??????????? 1?? 2?? 3??????????55.8?64.4?99.3 kJ/mol
????? 
??????????????????????????????? Table 2-6 ??
???????????????????????????????????????
??????????????????? 3 ???????????????99.3 
kJ/mol????AuCu??? fcc???????????????771-1059K? 94-115 
kJ/mol???????? 26)?? 3?????????????? 1?? 2??????
??????????????55.8?64.4 kJ/mol????? 3????????? 1/2




????????????????Kuczynski? 29)?Chandra? 30)?Khobaib? 31)?
?????????????????? 1?????????????Kuczynski? 29)
???????????????????????????????688K?20 h???












        
Fig. 2-21 Kissinger plots for 1st, 2nd and 3rd stages 
obtained from thermal expansion curves. 
 
Table 2-6 A list of the activation energies related to ordering of AuCu. 
Authors Method Temperature?K?                   Activation energy?kJ/mol?
Dienes28) Resistivity 523-633 122.2 
Kuczynski 29) Resistivity 373-673 41.8-58.6 
Chandra 30) Resistivity 423-573 38.5 
Khobaib 31) Diffusion  573-623 44.9 
Hisatsune 19) Resistivity 293-380 79.5 
 Resistivity 350-460 63.6 
 Resistivity 460-600 110 
This study Thermal expansion   400-457 55.8 
 Thermal expansion  455-519 64.4 












?????H?AuCu??AuCu?? AuCu??fcc ???? AuCu??fcc??????
??H?fcc?AuCu??????????????? 
 
        








206 J/g ??? 32)???????????????????????????????
?????????? 33)? 
??????????????????????? 
?? 1???????AuCu??AuCu??   ?H?3.09? 0.16 J/g 
?? 2???????AuCu??fcc?     ?H?7.91? 0.26 J/g 
?? 1??2?????????AuCu??fcc??H?11.00? 0.24 J/g 
????????fcc?AuCu??       ?H??11.55 J/g 
??????H?AuCu??AuCu????Hirabayashi34)? 17.6 J/g ?????? 
Feutelais? 8)? 2.5 J/g?????????????????3.09? 0.16 J/g????
???????????H?AuCu??fcc???Hirabayashi34)? 13.8 J/g??????








Hirabayashi34)? 31.4 J/g??????Bonneaux? 10)? 10.7 J/g?????????








?H??0.228 / 0.7306??RTc  (2-3) 
????R??????Tc?????????????????? 14)?? 658K?AuCu
??AuCu???683K?AuCu??fcc??????????? 13.1 J/g? 13.6 J/g??
??????????????? 
??????H?fcc?AuCu?????????????11.55? 0.39 J/g??????











































????????????Fig. 2-23?????????????? ln (Φ /T 2) ? 1/T
??????????DSC??????????fcc?AuCu????????????
??????????????????Fig. 2-24? DSC?????????????
? ln (Φ /T 2) ? 1/T??????? 
 ???????????????????????????? 
????????? 1????fcc?AuCu????? E?104.8 kJ/mol 
????????? 2????AuCu??fcc?    E?194.8 kJ/mol 
????????????fcc?AuCu??      E?219.5 kJ/mol 






        
Fig. 2-23 Kissinger plots for heat-cooling break  
points on thermal expansion curve. 
 
        
Fig. 2-24 Kissinger plots for cooling exothermic  






????????????Au? E?177kJ/mol?1123-1323K??Cu? E?211 kJ/mol
?971-1334K???? 39)????????????????????????????
?????? 40)?AuCu?????? fcc???????????E?94-115 kJ/mol 







 ?? DSC?????????????????????????E?377.7 kJ/mol 














Table 2-8 A list of the activation energies related to phase transitions  
of AuCu 
  Method Sample Transition 
Temperature     
（K）                   
Activation energy   
（kJ/mol） 
Butrymowicz26) Diffusion   In fcc 771-1059 94-115 
Battezzati5) DSC φ5, 1mm fcc→ AuCuⅠ 659-616 317±7 
This study DSC 10mg fcc→ AuCuⅠ 648-616 377.7 
  Thermal expansion φ5, 20mm AuCuⅡ→ fcc 710-779 194.8 


















?????????????????????????????? 1 ?????55.8 






?? 1???????AuCu??AuCu??    ?H?3.09? 0.16 J/g 
?? 2???????AuCu??fcc?      ?H?7.91? 0.26 J/g 
?? 1?????????????AuCu??fcc??H?11.00? 0.24 J/g 




(6) ????????????????????? DSC ??????????????
??????????? 
????????AuCu??fcc? E?194.8 kJ/mol 
????????fcc?AuCu?? E?219.5 kJ/mol 
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???????? Tensile rod????? c??????????????- shape standing 
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?-shape rod? 4.2mm??????? 1K/min???? 
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3-3. ???? 
3-3-1.  ????????? 





????????????   
 Fig. 3-3???????????????????????????? 3)??????
????????????????? 
 
        
Fig. 3-2 Thermal expansion curves of the normal  
rod sample with iron mold. 
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Fig. 3-3 Thermal expansion curve of the normal  
rod sample with cristobalite mold.  
 
 Fig. 3-4?? 3-9??????????? 1K/min???????????????
?????????? A?? I??????????????Normal rod?????
??????? 2?????????????????????????Tensile rod??
????????????????Fig. 3-5????????????????????Fig. 
3-6???- Shape standing rod??- Shape lying rod???????????????
????????????????????Fig. 3-7?Fig. 3-8???- Shape standing rod









         
Fig. 3-4  Thermal expansion curve of the normal rod  
sample measured in length direction. 
 
         
Fig. 3-5  Thermal expansion curve of the tensile rod  
sample measured in length direction. 
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Fig. 3-6  Thermal expansion curve of the tensile rod 
  sample measured in vertical against length direction. 
 
        
Fig. 3-7  Thermal expansion curve of the?- shape  
standing rod sample measured in length direction. 
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Fig. 3-8  Thermal expansion curve of the?- shape lying  
rod sample measured in vertical against length direction. 
 
        
Fig. 3-9  Thermal expansion curve of the?- shape standing  
rod sample measured in vertical against length direction. 
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??? 2???????? B? (482K????????????? 3???? B??526K?
??????????????AuCuⅠ→AuCuⅡ????????D?654K????? 
?- Shape standing rod????????????? B?400K??????????
????????????? 670K?? 1.1????????????Tensile rod??
????????Normal rod? Tensile rod? 3?????????????????
?? 2 ?? 3 ????????? 1 ?????????????????????
?512K?? Tensile rod?? 2?? 3??????????????????????
?????? fcc→AuCu???????2 ????????????????????
??????? C?567K??Normal rod? Tensile rod??????????? 
 ?- Shape lying rod?????????????? 500K????????????




Tensile rod??- Shape standing rod??????????? 




 ?- shape standing rod???????????? 504K?????????????
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 Tensile rod??????????? fcc→AuCuⅠ????????????????
Normal rod???????????- shape rod??????????? Tensile rod ?
??????????????????- shape??????????????????
???????????????Tensile rod???????????????????
?????????- Shape rod??? 423K???????????????????
?????????????????? 5,6)????????????????????






Fig. 3-10  Change of thermal expansion curve with each rod sample 
 condition. 
①Tensile direction (Tensile rod)  ②Length direction (コ-shape lying rod) 
③Length direction (コ-shape standing rod) ④Length direction (Normal rod) 













Table 3-1  Comparison of phase transitions and break points on the  
heating thermal expansion curve of each rod sample condition 
Transition fcc fcc→AuCuⅠ      AuCuⅠ 
AuCuⅠ→  
AuCuⅡ     
AuCuⅡ
→ fcc    







400 455 548 595 673 702 710 




396 482 526 588 654 692 696 










400 512 567 671 696 706 




















Table 3-2  Comparison of phase transitions and break points on the  
cooling thermal expansion curve of each rod sample condition 
Transition fcc→AuCuⅠ      AuCuⅠ 
Inflection point G（K） H′（K） H（K） I（K） 
Normal rod 657 641 485 Room temperature 
Tensile rod  
（Length） 
648 636 484 Room temperature 
Tensile rod  
（Vertical） 
643 631 484 Room temperature 
?- shape standing 
rod?Length? 
642 636 488 Room temperature 
?- shape lying rod
?Length? 
650 640 492 Room temperature 
?- shape standing 
rod?Vertical? 
650 630 488 Room temperature 
 
 
3-3-2.  X??? 










           
Fig. 3-11 XRD patterns of AuCu alloy powder sample with  
solutionizing at 823K for 1hr and ageing at 623K for 2hr. 
  
         
Fig. 3-12  XRD patterns of the normal rod sample with  
before and after thermal expansion measurements. 
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Fig. 3-13????????Fig. 3-14???????? Tensile rod????????
???XRD?????????????????????fcc?????????? 0mm
??????????111??????????200????????????????










        
Fig. 3-13 XRD patterns of the side tensile rod sample with 
various grinding depths before thermal expansion measurements.    
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Fig. 3-14 XRD patterns of the side tensile rod sample with 
various grinding depths after thermal expansion measurements. 
  
       
Fig. 3-15 XRD patterns of the side ?-shape rod sample with 
various grinding depths before thermal expansion measurements.    
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Fig. 3-16 XRD patterns of the side ?-shape rod sample with 
various grinding depths after thermal expansion measurements.    
 
3-3-3.  ??????? 






         
Fig. 3-17 Micro structure of near the surface in the casted tensile rod.  
 
          
Fig. 3-18 Micro structure of near the center in the tensile 













Table 3-3 Comparison of the lattice constants (?) and line shrinkage(%)  
at room temperature with each rod sample condition 
     
 





































Table 3-4 Comparison of the height of diffraction lines before and after 
 thermal expansion measurements with various rod sample conditions. 
      
 
3-4-2. ??????????? 
Fig. 3-19?Normal rod?? Tensile rod???????????????????
??????? ac??fcc????? a???????a?? fcc→AuCuⅠ??????








        
Fig. 3-19 Relation between thermal expansion curve and 
expansion and shrinkage rate obtained from lattice constant. 
 











        
Fig. 3-20 Difference of thermal expansion curve of the tensile rod 
    sample at aged 593K for 1h with each measurement direction. 
 
Fig. 3-21??????????????????????????????????












Fig. 3-21  Schematic illustration of variations of crystal lattice with
anomalous expansion and shrinkage in thermal expansion curves.  
ac
a axis = aT> ac>
c axis = aｃ> >cT
；Au ；Cu
←Tensile direction →
RT（fc c ) 396-558K
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Hisatsune? 4)??XRD??? Pt??????????????? Pt???????
???????????Pt????????Pt? Cu???????????????
?????Araby ? 2)????????? Pt???????????????????
???? 2???????Pt??????????????????????????



























????????????Normal rod?? Tensile rod??????????????
??? 0.2mm??????????3.8?3.8?20mm???????????????















4-3-1.  ??????? X??? 





Fig. 4-2? Pt????? Tensile rod? 1K/min????????????????
??????????AuCu??? Tensile rod??????????Pt??????
????????????????????????? AuCu??fcc????????




        
Fig. 4-1  Thermal expansion curves of the AuCu-3 and 5at%Pt normal rods. 
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Fig. 4-2  Thermal expansion curves of the AuCu-3 and 5at%Pt tensile rods. 
 




        
Fig. 4- 3  Thermal expansion curve rod of the AuCu-3at%Pt tensile rod. 
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Fig. 4-4? AuCu-3at%Pt? Tensile rod????????Fig. 4-5????????
XRD?????????? XRD?????????????? fcc????????
? 3.873??a ??????????????? AuCu????????? 3.957??a
???? 3.873??c???????????????????? 111????????200?
??????????????? 0.2mm ??200????????????3-4-1.??
????????????? Pt??? Tensile rod? a??????????????
????????Pt????? Tensile rod? ?????200???????????




         
Fig. 4-4 XRD patterns of the AuCu-3at%Pt tensile rod 





        
Fig. 4-5 XRD pattern of the AuCu-3at%Pt tensile rod  
after thermal expansion measurement. 
 
Fig. 4-6? Ir?????Normal rod?Fig. 4-7? Tensile rod? 1K/min?????





         
Fig. 4-6  Thermal expansion curve of the AuCu-0.1at%Ir normal rod. 
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Fig. 4-7 Thermal expansion curve of the AuCu-0.1at%Ir tensile rod. 
 
4-3-2. ????? 
Fig. 4-8?AuCu-3at%Pt ?Tensile rod??????????????????AuCu
???Normal rod? Tensile rod????????????????????????
?????????????????????????? Pt????????????
????? 












Fig. 4-8  Micro structure of the AuCu-3at%Pt tensile rod. 
 
 






4-4.  ?? 
Pt? Ir????? AuCu????????????????????Pt?????
??AuCu??????????????????????????????????
????2?????? 12) ?????CuPt???????? 1085K? AuCu????
????????Pt??????????????????????????????
?????????????????????????Fig. 4-4?? Fig. 4-5? AuCu 
-3at%Pt? XRD?????????????????? 3????? AuCu????






















4-5  ?? 
??????? AuCu???????????????????????????? 
(1) Pt??????AuCu???Normal rod??????????????????? 
??????????????????????????? 
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 ??????? JIS ????1-1-1.??????????????????????

















????? Table 5-1????????????? Sample3??Au?Au?Cu???
?????????????????????????? Product?????????




Table 5-1 Experimental composition (Above: mass%?Below: at%) 
 Au Pt Ag Cu Other Au／Au＋Cu 
72 6 12.7 8 Zn,Ir 1.3 90 
Sample 1 
55.4 4.7 17.8 19.1 Zn,Ir 3.0 74.4 
73 7 10.2 8.7 Zn,Ir 1.1 89.4 
Sample 2 
57.3 5.6 14.6 21.2 Zn,Ir 1.3 73.1 
73 5 13.7 7.2 Zn,Ir 1.3 91 
Sample 3 
56.8 3.9 19.5 17.4 Zn,Ir 2.4 76.1 
71 4 12.3 12 Zn,Ir 0.6 85.5 
Product 






































0.9mass%???0.58mass%NaCl????ISO 1562 ?Dental casting gold alloys?
?? JIS T 6116?????????????????????????????Eagle’s 









????? 1000 ??????????????????????21×12×2mm ??
????100mL ??????????????????5mm???????????
???????MO5 ?? 50ml?? 310±1K ?7 ???150rpm ??????????
0.22μm?????????????????????????????????? 
(7) ?????? 
 ????????ISO 10993-5 ?Biological evaluation of medical devices-Part 5: Test  













?????????Sample1 ?? Sample2 ??Product ?????????????
???????????? sample2??? Experimental sample??????????
????????Sample3??????????????????????0.2????
???????????Au?Au?Cu??????????????????????
?????????????Experimental sample? Product??????????? 
 
Table 5-2 Values of tensile strength, 0.2% off-set proof strength and  
elongation 
 Tensile strength (MPa) 0.2% off-set proof strength (MPa) Elongation (%) 
Treatment As-cast Soft  Hard  As-cast Soft  Hard  As-cast Soft  Hard  
Sample 1 688 544 708 523 354 547 17 38 21 
Sample 2 748 545 752 554 363 629 21 42 23 
Sample 3 639 508 610 460 330 457 23 40 16 
Product 757 506 769 640 363 691 17 50 18 
 
Table 5-3 Hardness and melting point 
 Hardness (HV) 





 Sample 1 227 169 269 1241 1174 
 Sample 2 239 167 275 1243 1179 
 Sample 3 211 167 251 1251 1179 












     
Fig. 5-1 Tensile strength of the experimental sample and the product. 
 
     
Fig. 5-2 0.2% proof strength of the experimental sample and the product. 
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Fig. 5-3 Elastic modulus of the experimental sample and the product. 
  
 
      




      
Fig. 5-5 Hardness of the experimental sample and the product. 
 
(2) ??????? 









Fig. 5-6  Micro structure of the experimental sample and the product. 
 
(3) ????? 
Fig. 5-7?5-8 ? Experimental sample?Fig. 5-9?5-10 ? Product ??????
10K/min??????????Experimental sample???????????????









       
Fig. 5-7 Thermal expansion curve of the experimental sample 
with maximum temperature 1123K. 
 
       
Fig. 5-8  Thermal expansion curve of the experimental sample 
with maximum temperature 1173K. 
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Fig. 5-9  Thermal expansion curve of the product 
with maximum temperature 1123K. 
 
         
Fig. 5-10  Thermal expansion curve of the product 
with maximum temperature 1173K. 
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 (4) ???? 
Fig. 5-11? 0.9mass%?? + 0.58mass%NaCl ???? 7???????????
???????Cu?Zn?? Ag?????????????????????????
???????????NaCl?????? Cu??????? 0.5-20?g/cm2?? 0.5-6
?g/cm2????? 9-11)????????????????Fig. 5-12?MO5??? 7?
??150rpm?????????????????Cu?Zn?Ag?? Au???????
???Experimental sample ? product??????????????? 
 
 
Fig. 5-11  Quantity of released ions from the experimental sample and 





















Fig. 5-12  Quantity of released ions from the experimental sample and  
the product in MO5 solution. 
 
(5) ?????? 





        
Fig. 5-13 Plating efficiency of the experimental sample. 
 
 










































(3) 0.9mass%??+ 0.58mas%NaCl ???MO5?????????????????
????????? 
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 ???????????DSC ???XRD ???????????????????
???????????????????????fcc?AuCu??AuCu??fcc???
????????????fcc?AuCu???????????????????? 
???????? 3 ???????????????fcc?AuCu????3 ????
????????????????? 1 ?????? 2 ?????? 3 ???????
?????????????????????????????????Kissinger ?







?? 1???????AuCu??AuCu??    ?H?3.09? 0.16 J/g 
?? 2???????AuCu??fcc?      ?H?7.91? 0.26 J/g 
?? 1??? 2?????????AuCu??fcc??H?11.00? 0.24 J/g 







????????AuCu??fcc? ??194.8 kJ/mol 
????????fcc?AuCu??  ??219.5 kJ/mol 

















 ???コ- shape rod????????????Tensile rod?????????????
????????Tensile rod??????????????????????????





















 ??????????? AuCu ???????????????Pt?3?5at???Ir
?0.1at????????Normal rod?Tensile rod?????????????? 
 Pt???Normal rod????????????????????????????
????????????????????????????????? Ir ?????
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